Topologically Optimised
Cast Glass Grid Shell Nodes
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Goal

Explore the potential of topology optimisation as a
design tool for complex structural cast-glass
elements with a reduced annealing time



Goal
topology optimisation
cast-glass
annealing
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cooling glass



cooling glass



cooling glass



cooling glass



Annealing
Gradual cooling to prevent internal stresses



How to design for annealing?









mass reduction
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equal mass distribution
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Topology Optimisation



Research question

What is the potential of using Topology Optimisation as a
design tool for a structural cast glass grid shell node that is
optimised for fabrication, structural behaviour and

assembly?
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case study design









glass beams



assembly design
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POM end caps



Topology Optimisation



Optimisation goals
Minimising mass
Element thickness 15-30 mm

Maximum tension 20 N/mm?
Maximum compression 200 N/mm?



Karamba3D structural analysis




Grasshopper output

8 X v O

A A B C D

|

2 |Formfinding force LCO [N]

3 1 -1076.49 -670.869 -1490.33
i 2 649.9401 6.894196 2.128091
) 3 -1720.09 1116.334 2789.220
;) 4 1269.18 0658.9714 1649.398
r 2 -566.163 -5.4849 -35.0467
l 6 1443.604 -1105.533 -2347.43
¥ |Formfinding moment LCO [Nmm)]

0 1 -2183.806 4536.84 -4141.91
1 20 -2135.31 2732.211 -480.445
2 3 -1546.63 -1832.28 -1636.13
3 4 3195.263 830.3057 -3122.66
4 2 2000.111 -3244.91 2762.6
a 6 70.42637 -3022.17 6618.537
6 |Analysis LCO + LC1 + LC2 [N]

7 1 -6895.08 -4235.39 -93/72.89
a8 2 -2001.23 -44.058 -122.835
g9 3 3473707 -325.695 -486.678
0 4 T598.729 3829.858 9949.124
1 o 1908.855 3.2048 57.30447
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design evolution




Diameter 140 mm
Mass goal -
Section size limit -
Mass 1.9 kg




Diameter 140 mm

Mass goal 30%
Section size limit -
Mass 0.61 kg

shell weight added load (1 kN)



Diameter 140 mm

Mass goal 40%
Section size limit 20-50 mm
Mass 0.82 kg

shell weight added load (1 kN)



Diameter 140 mm

Mass goal 40%
Section size limit 20-50 mm
Mass 0.82 kg

Ao

shell weight added load (1 kN)






Small node
structurally feasible

impractical to assemble
aesthetics



Diameter 240 mm
Mass goal -
Section size limit -
Mass 8.7 kg




Diameter 240 mm

Mass goal 30%
Section size limit 30-50 mm
Mass 2.7 kg

shell load added load



Diameter 240 mm

Mass goal 20%
Section size limit 30-50 mm
Mass 1.8 kg

shell load added load



Diameter 240 mm
Mass goal -
Section size limit -
Mass 0.5 kg

shell load added load



Diameter 240 mm

Mass goal 20%
Section size limit 30-50 mm
Mass 2.2 kg

shell load added load



stresses



100,00 {mm)

25,00 75,00

wind load



Topology optimisation
Efficient material distribution, for a specific loadcase
Dealing with changing loads



self load and external load



Topology optimisation
combined optimisation
increased mass



Diameter 240 mm
Mass goal -
Section size limit -
Mass 8.7 kg




Diameter 240 mm

Mass goal 15%
Section size limit 20-50 mm
Mass 1.6 kg

shell load




Diameter 240 mm

Mass goal 15%
Section size limit 20-50 mm
Mass 1.4 kg

wind load




Diameter 240 mm

Mass goal 15%/15%
Section size limit 20-50 mm
Mass 2.4 kg

shell load wind load



Diameter 240 mm

Mass goal 15%/15%
Section size limit 20-50 mm
Mass 2.7 kg

shell load wind load



5,398
-0,6321
-13,865 Min







Diameter 240 mm
Mass goal -
Section size limit -
Mass 10.8 kg




240 mm

Diameter

37%
20-40 mm

Mass goal

Imi

Section size |

4.2 kg

Mass

added load

shell load



240 mm

Diameter

37%
20-40 mm

Mass goal

Imi

Section size |

5.1 kg

Mass

added load

shell load
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Annealing times
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Object
Size

Mass
Annealing

Crystal House brick
210x 210 x 65 mm
7.2 kg

38 h

Un-optimised node
240 x 240 x 95 mm
9 kg

approx. 48+ h



Object
Size

Mass
Annealing

Crystal House brick
210 x 105 x 65 mm
3.6 kg

8 h

Two-load optimised node
Max 30 mm section
2.7 kg

> approx.4h



Object
Size

Mass
Annealing

Crystal House brick
210x 167.5 x 65 mm
5.4 kg

20 h

Heavy optimised node
Max 40 mm section
5.1 kg

approx. 16 h



prototyping






sand mould casting



printed wax node
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sand mould casting





















fabrication and assembly
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labeling




sand mould printing and coating



casting and annealing



demoulding



assembly



assembly



assembly
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Conclusion

What is the potential of using Topology Optimisation as a
design tool for a structural cast glass grid shell node that is
optimised for fabrication, structural behaviour and
assembly?



Conclusion

Topology Optimisation has the potential to greatly improve
cast glass as a structural material by improving material
efficiency and significantly reducing annealing times.



Conclusion

Additive manufacturing makes it possible to fabricate these
geometries, and offers the possibility to concentrate the
complexity of the design in a single component



Lesson learned
Topology Optimisation can be a powerful tool,
but has very specific applications
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Further Research
Hybrid steel/glass structures using
dual-material Topology Optimisation




Further Research
Stress based Topology Optimisation




Interrupted mesh



Calculation times

Mesh size 8 mm 5mm
Calcultion time 6 minutes 2 hours 12 minutes



Combined optimisation
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